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16- Bit 100 kSPS 
Oversampling ADC 




FEATURES 

Monolithic 16-Bit Sigma-Delta ADC 
Third-Order Noise Shaping 
% dB Dynamic Range 
90 dB SNR 

16-Bit 100 kHz Output from FIR Filter 
12-Bit 400 kHz Output from Comb Filter 
No Missing Codes 
<0.001 dB In-Band Ripple 

APPLICATIONS 

Digital Audio Disk/Tape 

Voice Bandwidth Communications 

ADC Support for ADSP-21xx 

High Accuracy Measurement Systems 



PRODUCT DESCRIPTION 

The AD 776 is a 16-bit sigma-delta oversampled ADC, incorpo- 
rating a 1-bit third-order modulator and digital decimation filter. 
An on-chip voltage reference circuit is also included. 

The AD 776 does not generally require the use of sample-hold 
circuits or complex antialiasing filters as a result of its sigma- 
delta architecture. T he output is available both before and after 
the final Finite Impulse Response (FIR) decimation filter. This 
provides the flexibility of optimizing conversion speed or dy- 
namic range: 12-bit/400 kH z (from the comb filter) or 16-bit/ 
100 kH z (from the F I R filter). T he serial port provides easy in- 
terface with a variety of standard processors including the 
ADSP-21xx. 

The AD 776 is specified for ac (or "dynamic") parameters such 
as SN R, T H D and I M D which are important in signal process- 
ing and audio applications. T hird order noise shaping is employed 
using 64 times oversampling to provide 90 dB SN R and -100 dB 
peak spurious component for signal bandwidths up to 45 kH z. 

T he AD 776 operates from a single +5 V supply and typically 
consumes 350 mW during conversion. T he device is packaged 
in 20-pin ceramic DIP (cerdip) and is offered in an industrial 
temperature grade (-40°C to +85°C). 
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PRODUCT HIGHLIGHTS 

1. Analog Front End. The analog input is differential providing 
increased signal swing, increased power supply rejection ra- 
tio, and reduced sensitivity to clock jitter. Since the input sig- 
nal is oversampled by a factor of 64, a complex antialiasing 
filter is not needed. 

2. Flexible Digital Interface. The AD 776 has three output pins 
for the serial interface: 1) serial data out (D OUT), 2) frame 
sync out (FSO), and 3) serial clock out (DOUT CLOCK). 

T he serial port can interface with general purpose DSPs such 
as the ADSP-21xx, T M S320xx, and DSP56001/2 without 
additional "glue" logic. 

3. Inherently Self-Sampling. The AD 776 needs no external 
sample-and-hold amplifier to capture and freeze the analog 
input while the conversion takes place. 

4. Speed/Performance Options. In addition to the standard 
16-bit resolution at 100 kH z, the output of the comb filter 
can be accessed to provide 12-bit resolution at 400 kH z. 
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AD776- SPECIFICATIONS 



(T M | N to T MAX ; AVdd, DV dd = +5 V, FIR filter output mode unless otherwise noted) 



■ cii 01 1 1 cua 


Min Tun Mav 


Unite 

Will l_3 


RESOLUTION 


16 


Bits 


TEM PERATURE RANGE 


-40 +85 


°C 


TOTAL HARMONIC DISTORTION (THD) 1 ' 2 ' 3 


-80 -83 
0.01 0.003 


dB 

% 


SIGNAL-TO-NOISE RATIO (SN R) 1, 2 , f s = 48 kSPS 
Signal to N oise Ratio (SN R) 1 ' 2 , f s = 100 kSPS 
Comb Filter M ode, CL KIN =12.8 MHz 


88 90 
86 
72 


dB 
dB 
dB 


PEAK SPURIOUS OR PEAK HARM ONICCOMPONENT 


-100 


dB 


INTERM ODULATION DISTORTION (IMD) 4 
2nd Order Products 
3rd Order Products 


-102 
-98 


dB 
dB 


VOLTAGE REFERENCE OUTPUT (V REF ) 


(AV DD x0.4) - 4% AV DD x0.4V (AV DD x 0.4) + 4% 


V 


MAXIMUM ANALOG INPUT RANGE 5 


2xV REF -0.5 


Vp-P 


MAXIMUM INPUTSIGNAI 6 


+ S Vdcc 


V n-n 
VMM 


DC ACCURACY 1 
Differential N onlinearity 
1 N L 

Gain Error 
M idscale Error 


±0.5 
2 

1.0 
0.5 


LSB 
1 SR 

% 
% 


DIGITAL FILTER CHARACTERISTICS 
Passband Ripple 
Stopband Attenuation 


0.001 
-96 


dB 
dB 


POWER SUPPLY REQU 1 REM ENTS 7 
Analog Supply Voltage (AV DD ) 
Digital Supply Voltage (DV DD ) 
Analog Supply Current 
Digital Supply Current 
Power Consumption 8 
Power Supply Rejection 9 


AC C f\ C C 

4.5 5.0 5.5 

4.5 AVqd 
20 
20 

300 400 
70 


V 
V 

mA 
mA 
mW 
dB 



DIGITAL SPECIFICATIONS 



Parameter 


Test Conditions 


Min 


Typ 


Max 


Units 


LOGIC INPUTS 














V,H 


H igh Level Input Voltage 




2.0 




Vdd 


V 


V|L 


Low Level Input Voltage 




-0.5 




0.8 


V 


Im 


H igh Level Input Current 


V|H = Vdd 




1 




yJ\ 


IlL 


Low Level Input Current 


Vil =ov 




1 




MA 


C IN 


Input Capacitance 






10 




PF 


lz 


Hi-Z Input Current for SDO 








10 


HA 


LOGIC OUTPUTS 














Voh 


High Level Output Voltage 


1 oh = 0.4 mA 


2.4 






V 


Vol 


Low Level Output Voltage 


Iol = 2.0 mA 






0.5 


V 



NOTES 
1 At+25°C. 

2 Analog Input = 1.2 V rms@ 10 kHz, V COMM on mode = 2.5 V, C L K I N = 6.4 MHz. 

3 T H D performance can be improved, depending upon the application, by making slight adjustments to the dc common-mode voltage at the analog inputs. 
4 I M D measured at f s = 48 kH z and using 61.6 H z and 986.4 H z as the input tones (sum of the two peaks added to be -3 dB FS). 
5 Applied differentially between Al N + and AIN-. 

6 The input signal may be centered at any choice of dc offset voltage as long as peak values are bounded by the M aximum Analog Input Range value. Performance may 
be improved by reducing the maximum input signal by 3 dB. For nominal operation, 2.5 V dc offset is recommended. 
7 T he AD 776 may be operated from a single +5 V supply. 
8 AV DD , DVqd = 5.5 V; f = 12.8 M H z; T A = +85°C. 
9 With external voltage reference. 
Specifications subject to change without notice. 
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TIMING CHARACTERISTICS (AV DD , DV dd = +5 V ± 10% , T M | N to T MAX )- see Figures 14 through 18. 



Symbol 


Parameter 


Min 


Max 


Units 


T 


C* 1 f\r\s in P ron i i on f*w 

l iock in r requaicy 


i 
i 


1Z.0 


l v l n Z 


tdK 


r \ r\rV in PprinH f — 1 /f ^ 

\^ IUl_l\ III rCIIUU \ — -L/l/ 


78 
/ o 


10(10 


nc 

1 lb 


f 

l D 


U ULy L. yUc 


n air t- 

t C |_K 


R1R t- 


ns 


tv 


r InrL' 1 DW 
L. lULK. LUVV 


■37 




nc 1 
lib 






AIR 


R~)R 


lib 


f 


L IOCK nlon 


■3-1 


A"\ 


ns' 






AIR 


R1R 
jZ J 


nc2 

nb 


f 

C R 


mbc 1 II lie 


c 
J 




ns 


f 

C F 


Cull T i m q 

r an ii me 


c 
D 




ns 


^FSS 


r raiTic jync i nput oetup i irne 


zu 


/O 


ns 


C FSH 


r idmc Dyne i nput n oiu i irne 


zu 


_3 


ns 


r FSIL 


P ram a Q \/n f 1 n m it - 1 fi \A/ 
rialilcDyNL llipUL LUVV 


Z 




t- 


L DOD 


D ata O i itni it P Inrk D pla\/ 
uaLa uuipuL v_iui_i\ U clay 


1R 


7R 


nc 
l \j 


c DOP 


n ata M i itni it P 1 nr 1/ P ori nrl 
U ala UULpUL V^IULhs rcllUU 


1JU 




lib 








JlZ 


ns 


4- 

tFSOSC 


rcn Col-i in T in-ici Rofnro PI V 1 M 


IJU 




ns 


4- 

tFSOHC 


PCO U aM Tima A f for PI 1/ 1 M 

r jU n oia I inie ATier L L ts. M\i 


loll 




ns 


tpSOSD 


F^ri ^Ptim T imp Rpfnrp nni IT TI k' 
1 jU Dfc-LU p 1 HllcDclUlcUUU 1 V- L IS. 


1 1 




lib 


*r bu n u 


FSO HIGH to DOUT CLK Rising Edge 


110 




ns 5 


t| 


F SI to F SO Delay 


1 




t- 4 

C CLK 






5 




f 5 

C CLK 


tDSU 


Data Output Setup Time 


40 




ns 4 






130 




ns 5 


tDH 


Data Output H old T ime 


40 




ns 4 






130 




ns 5 


^DD 


Data Delay Time 





20 


ns 


tbF 


Data Float Time 





20 


ns 



NOTES 

: CLKIN = 12.8 MHz. 
2 CLK IN = 1 M Hz. 

3 F SI must be deasserted for at least two C L K I N periods prior to being asserted. 
4 Comb F ilter mode. 
5 FIR Filter mode. 

Specifications subject to change without notice. 



ABSOLUTE MAXIMUM RATINGS* 

AV DD to AGND -0.3 V to +7.0V 

DV DD to DGND -0.3Vto+7.0V 

AGND to DGND ±0.3 V 

Digital Inputs to DGND -0.3VtoDV DD 

Analog Inputs to AGND -0.3VtoAV DD 

REFIN to AGND -0.3 V to +2.5 V 

Soldering (10 sec) +300°C 

Storage Temperature -55°C to +150°C 



♦Stresses greater than those listed under "Absolute M aximum Ratings" may cause 
permanent damage to the device. This is a stress rating only and functional 
operation of the device at these or any other conditions above those indicated i n the 
operational section of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



CAUTION 



ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000 V readily 
accumulate on the human body and test equipment and can discharge without detection. 
Although the AD 776 features proprietary ESD protection circuitry, permanent damage may 
occur on devices subjected to high energy electrostatic discharges. Therefore, proper ESD 
precautions are recommended to avoid performance degradation or loss of functionality. 
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AD776PIN DESCRIPTION 



Symbol 


Pin Number 


Type 


Name and Function 


AGND 


1 




Analog Ground. Return current for analog front end. No internal connection to DGN D . 


AIN + 


2 


1 


Analog Signal Input. N oninverting terminal. 


AIN- 


3 


1 


Analog Signal Input. Inverting terminal. 


CLKIN 


4 


1 


C lock 1 n. T his TT L compatible input accepts clock frequencies in the range of 
1.0 M Hz-12.8 MHz, with the output sample rate of the AD 776 equal to CLKIN 
divided by 128 in F 1 R filter mode and 32 in comb filter mode. 


FSI 


5 


1 


Frame Sync Input. FSI is an optional control pin used to synchronize internal cir- 

■ i i i i i i ■! i_ i_ i i_ i £ r~ i ' iir - ii 

cuits and to start or reset the serial output data. If FSI is grounded, frame syncs will 
be automatically generated internally. W hen FSI is brought HIGH, serial data is 
presented at the output (DOUT — Pin 11). The purpose of FSI is to control exter- 
nallv the ohasina of the A/D conversion orocess FSI should be a oeriodic sianal 
occurring every 16 DOUT CLK clock cycles in the 12-bit/400 kHz mode and every 
32 DOUT CLK clock cycles in the 16-bit/100 kHz mode. When utilized, FSI must 
be synchronized to CLKIN as defined in the timing specification (see Figure 17). 
FSI allows multiple AD 776s to be synchronized using a common frame sync source, 
requiring a common CLKIN signal. 


FSEL 


6 


1 


Filter Select. FSEL = "0" selects FIR output. FSEL ="1" selects comb filter output. 


SF 


7 


1 


Serial Format. Selects output format of DOUT and FSO when FSEL = "0." See 
Figures 14b and 15b. 


DV DD 


8 




+5V±10%. Digital Power Supply. 


FSO 


9 





Frame Sync Output. Indicates beginning of serial data transmission on DOUT . See 
Timing Diagrams. 


DOUT CLK 


10 





Serial Data Clock. See Figures 14a and 14b. 1 n the FIR filter output mode 

(FSEL =0), DOUT CLK isCLKIN divided by four; in the comb filter output mode 

(FSEL = 1), DOUT CLK isCLKIN divided by two. 


DOUT 


11 





D ata O utput. Serial data is transmitted M SB first, twos complement format, once 

nor F CO r\/r\o iA/i1"h 1"ho rlafa a/nrhrnnni ic iA/i1"h 1"^ O 1 1 X C 1 \( 
(Jfc-1 r jU LyUcvvlLII LllcUaLabyilLIIIUIIUUbvvlLII UUU 1 LLN. 


DOE 


12 


1 


Data Output Enable. Serial data (Pin 11) is an active output when DOE = "0." 
Serial data is three stated when DOE = "1." 


DGND 


13 




Digital Ground. Return current for digital circuitry and pad drivers. 


TP3,TP2,TP1,TP0 


14, 15, 16, 17 




Test Points. These pins must be connected to DGN D. 


AV DD 


18 




+5 V ±10%. Analog Power Supply. 


REFOUT 


19 





Internal Reference Output. N ominally +2 V with AV DD = +5.0 V. 


REFIN 


20 


1 


Reference 1 nput. +2 V maximum. 



I = Input 
O = Output 



PIN CONFIGURATION 



ORDERING GUIDE 



AGND [T 
AIN+ \T_ 
AIN- |~3~ 
CLKIN [T_ 
FSI |~5~ 
FSEL 
SF 

FSO 



DOUT CLK 10 



AD776 

TOP VIEW 
(Not to Scale) 



jo] REFIN 
"l9] REFOUT 

AVdd 
~T7~| TPO 
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Temperature 


Package 


Package 


Model 


Range 


Description 


Option 


AD776AQ 


-40°C to +85°C 


20-Pin Cerdip 


Q-20 



15 



12 



TP2 
TP3 
DGND 
DOE 



11 DOUT 
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TOTAL HARMONIC DISTORTION 

T otal H armonic D istortion (T H D ) is the ratio of the rms sum of 
the harmonic components to the rms value of a full-scale input 
signal and is expressed in percent (%) or decibels (dB). 

SIGNAL-TO-NOISE RATIO (SNR) 

Signal-to-N oise Ratio (SN R) is defined to be the ratio of the 
rms value of the measured input signal to the rms sum of all 
other spectral components below the passband. 

INTERMODULATION DISTORTION (IMD) 

With inputs consisting of sine waves at two frequencies, fa and 
fb, any device with nonlinearities will create distortion products, 
of order (m + n), at sum and difference frequencies of mfa + nfb, 

where m, n = 0, 1, 2, 3 I ntermodulation terms are those for 

which m or n is not equal to zero. For example, the second or- 
der terms are (fa+fb) and (fa-fb), and the third order terms are 
(2fa+fb), (2fa-fb), (fa+2fb) and (fa-2fb). The IM D products 
are expressed as the decibel ratio of the rms sum of the mea- 
sured input signals to the rms sum of the distortion terms. T he 
two signals applied to the converter are of equal amplitude and 
the I M D products are normalized to a dB input signal. 

DIFFERENTIAL NONLINEARITY (DNL) 

In an ideal ADC, code transitions are one LSB apart. Differen- 
tial nonlinearity is the maximum deviation from this ideal value. 
It is often specified in terms of resolution for which no missing 
codes are guaranteed. 

INTEGRAL NONLINEARITY (INL) 

The ideal transfer function for an ADC is a straight line drawn 
between "zero" and "full scale." The point used as "zero" oc- 
curs 1/2 LSB before the most negative code transition. "Full 
scale" is defined as a level 1 1/2 LSB beyond the most positive 
code transition. I N L is the worst-case deviation of a code center 
average from the straight line. 

GAIN ERROR 

T he last transition should ideally occur at an analog value 
1.5 LSB below the nominal full scale. The gain error is the de- 
viation of the actual difference between the first and last code 
transition from the ideal difference between the first and last 
code transition. 
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MIDSCALE ERROR 

M idscale error is the difference between the ideal midscale ana- 
log input voltage and the actual voltage producing the midscale 
output code. 

PASSBAND 

T he passband is the region of the frequency spectrum unaf- 
fected by the attenuation of the decimation filter. In the case of 
the AD 776, the passband is a function of theCLKIN frequency 
(see Table I). 

PASSBAND RIPPLE 

Passband ripple is defined as the variation in the amplitude 
response of the converter for input signal frequencies within 
the passband. 

STOPBAND 

T he stopband is the region of the frequency spectrum in which 
the amplitude response is fully attenuated by the digital filter. In 
the case of the AD 776, the stopband is a function of theCLKIN 
frequency (see Table I). 

STOPBAND ATTENUATION 

Stopband attenuation is defined to be the amount by which 
spectral components in the stopband are attenuated by the digi- 
tal filter relative to the full-scale input range of the converter. 

POWER SUPPLY REJECTION 

D C variations in the power supply voltage will affect the mid- 
scale transition point, resulting in offset error. Power supply 
rejection is the maximum change in the midscale transition 
point due to a change in power-supply voltage from the nominal 
value. Additionally, there is another power supply variation to 
consider. AC ripple on the power supplies can couple noise into 
the ADC, resulting in degradation of dynamic performance. 



GENERAL OVERVIEW 

The AD 776 is a single supply (+5 V) ADC providing simple 
analog and digital interface requirements. A minimal number 
of external connections are required to achieve the specified 
performance: 

1. POWER 

2. GROUNDS 

3. CLOCKING 

4. INPUT BUFFER CIRCUIT 

T hese points will be further explored in the Application I nfor- 
mation section. 

THEORY OF OPERATION 

The AD 776 differs from traditional multibit ADC s through its 
use of sigma-delta conversion architecture. A 1-bit analog-to- 



digital conversion is performed at a very high rate, which redis- 
tributes quantization noise to beyond the frequency band of 
interest (see F igure 1). T he frequency band of interest is denoted 
by f c , and f s is the sample frequency; f s /2 is the expanded noise 
spectrum resulting from oversampling. T he total noise energy 
remains constant, but by spreading it over a wider spectrum, the 
amount in the frequency band of interest is reduced. N oise 
shaping, performed by the modulator, attenuates noise in the 
signal passband and pushes out the noise energy into the higher 
frequency range (F igure 2). T he oversampled signal is pre- 
sented to the digital filter circuitry for: 

- sophisticated averaging (filtering). 

- removing high frequency noise (quantization noise removal). 

- reducing sampling rate (decimation). 
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T he resulting output data stream is presented in a format 
equivalent to a traditional ADC at a much reduced output 
sample rate. 
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FREQUENCY 



Figure 1. Noise Spectrum from Oversampling 
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FREQUENCY 



Figure 2. Noise Shaping 

F igure 3 provides a block diagram of the various sections of the 
AD 776. The Analog Front End is comprised of three differen- 
tial switched capacitor linear integrators which perform the 
noise-shaping function. D igital filter complexity of the AD 776 
is reduced by performing the filtering and decimation in two 
stages. T he first section contains a 16:1 decimating comb filter 
stage with the output presented to a 4:1 decimating low-pass/ 
compensation FIR filter, resulting in a final decimation ratio of 
64:1. T he decimation function is described in detail in the 
D EC I M AT ION paragraph. T he output data is presented in 
twos complement, M SB first serial data format, providing serial 
communication to a host processor. 

T his interface uses three dedicated pins: serial data output 
(DOUT ), frame sync output (FSO), and serial clock output 
(DOUT CLK). The serial interface format of operation is pin 
selectable. T he timing diagrams for the serial interface are 
described in the DIGITAL TIMING section. 
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Figure 3. Block Diagram 
ANALOG FRONT END 

T he integrators of the third-order modulator front end form 
a differential switched-capacitor network which results in 
increased signal swing, increased power supply rejection, and 
reduced sensitivity to clock jitter. D ue to the nature of switched- 
capacitor circuits, the input impedance of Al N +, Al N -, and 
REFIN will vary with clock frequency. M ore information about 
these inputs is given in T able 1 1 and T able 1 1 1 . 

The AD 776 modulator is a third-order noise shaper which re- 
duces quantization noise in the passband to the 16-bit level. 
T he input signal is sampled at the rate of C L K I N /4. Since the 
input signal is oversampled by a factor of 64, a complex anti- 
aliasing filter is not needed; a single-pole RC filter will generally 
be sufficient. H igh quality polystyrene or N PO ceramic capaci- 
tors should be used for this filter. 

DIGITAL FILTER OVERVIEW 

T he digital filters of the AD 776 have two functions: high perfor- 
mance low-pass filtering and digital decimation. T he shaped 
quantization noise from the output of the modulator is low-pass 
filtered to reduce the out-of-band noise components to a level 
which will not alias into the passband during the decimation 
process. D ecimation then reduces the data rate to a manageable 
level. 

DECIMATION 

T he comb filter performs the first-stage filtering of the analog 
front-end's quantized and noise-shaped output and decimates 
the input sample rate by a factor of 16:1. T he z-domain transfer 
function for the comb filter is expressed by 



H(z) = 



(1-z- 16 ) 4 



(1-z- 1 ) 4 

T he frequency domain equivalent transfer function is 

I ci n i i h it 1 1 i 

H(f) = 



1 sin (167i fT 



16 si n ( 7r fT ) 



where T =1/ f < 



f s = the input sample rate for the Analog Front End 
(maximum 6.4 M Hz). 
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T he attenuation characteristics of the comb filter are shown in 
F igure 4. As illustrated, the frequency response in the passband 
region exhibits a nonflat behavior. I n the 400 kH z mode, the 
output of the comb filter provides conversion data. T he dy- 
namic range is equivalent to approximately 72 dB, or 12 bits, in 
this mode. I n the 16-bit/100 kH z mode, the comb filter serves 
as the input to the F I R filter. T he F I R filter compensates for the 
passband roll-off of the comb filter and provides the final sharp 
cutoff required for stopband attenuation, removing the out-of- 
band noise components while partially serving as the system 
antialiasing filter. 




200 400 600 800 1000 1200 1400 1600 
FREQUENCY - kHz 



Figure 4. Comb Filter Response 

Figure 5 illustrates the low-pass response of the FIR filter and 
F igure 6 shows the compensation function of the filter. T he 
255-tap F I R filter is low-pass with 9% transition-band, and with 
a C L K I N frequency of 12.8 M H z has a 45.5 kH z passband cut- 
off frequency, 50 kH z stopband frequency, 0.001 dB passband 
ripple, and a stopband ripple of 96 dB. 
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Figure 5. FIR Filter, Low-Pass Response 
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Figure 6. FIR Filter, Compensation Function 

T he passband and stopband frequencies of both the comb and 
FIR filters scale linearly with the CL KIN frequency, as shown 
in Table I. 



Table I. FIR and Comb Filter Characteristics 



CLKIN 


Passband 


Stopband 


(MHz) 


(kHz) 


(kHz) 


12.8 


45.5 


50 


12.288 


43.7 


48 


11.2896 


40.1 


44.1 


10.0 


35.5 


39.1 


6.4 


24.6 


27.1 



ANALOG INPUT 

T he input to the AD 776, as previously described in the discus- 
sion of the analog front end, uses a switched-capacitor struc- 
ture. As a result, the input impedance of AIN + and AIN - will 
vary with clock frequency. T able 1 1 gives the typical analog in- 
put impedance for some common CLKIN frequencies. T he 
input impedance is equal to «10 12 /3f c lkin - where f c l k i n is the 
input clock rate. 



Table II. Analog Input Impedance 



Input 
Clock Rate 
(MHz) 


Output 

Sample 

Rate (kHz) 

(FIR Filter Mode) 


Analog 
Input 

Impedance 

(kQ) 


12.8 


100 


26 


6.4 


50 


52 


6.144 


48 


54.3 


5.6448 


44.1 


59 



The AD 776 is designed to accept input signals of (2 x V REF ) 
-0.5 V which can be centered at various dc offsets (common- 
mode inputs) as long as the signal peaks are bounded by +4.0 V 
and V. Signal peaks outside this range will result in signal 
clipping and increased distortion products. 

Capacitive coupling between the CLKIN and AIN pins can 
cause degradation to dynamic performance. Special care 
should be taken with respect to the layout of the clock and 
analog inputs. 
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I n consideration of the dynamic characteristics of the analog 
input, an external op amp is generally required to provide a low 
impedance drive. C are should be taken with op amp selection; 
even with modest loading conditions, most available op amps do 
not meet the low distortion requirements necessary to match the 
performance capabilities of the AD 776. T he AD 712 op amp is a 
good choice for low noise and low distortion. 

SINGLE-ENDED INPUT CONFIGURATIONS 

T he differential input of the AD 776 provides a choice of several 
different input connections. F igure 7 shows a simple configura- 
tion for a single-ended input. Al N - is nominally biased at +2.5 V 
by resistively dividing the +5 V power supply (AV DD ). Since the 
analog input impedance is a function of the input clock rate, 
determination of bias resistor values to achieve a particular bias 
voltage will vary with clock rate and AV DD . 

T he circuit shown in F igure 7 is a low cost, minimal component 
solution, but may suffer from poor power supply rejection as 
noise present on the power supply could be coupled directly into 
the AIN - pin. An improved input circuit is shown in Figure 8, 
when the offset voltage is derived from the AD 680 voltage refer- 
ence. T he AD 680 has 40 (jV/V line regulation which results in 
only a 20 |oV error due to 10% supply fluctuation. T his improves 
power supply rejection of Al N - input to approximately 88 dB. 



+5V 
O 




Figure 7. Simple Single-Ended Input Circuit 




Figure 9. Single-Ended Input to Differential Circuit 



REFERENCE INPUT 

The AD 776 has an on-chip 0.4 V DD reference voltage circuit 
which can be used to drive REFI N , as shown in Figure 10. 
Alternately, an external voltage reference may be used to supply 
the required 2 V. REFIN exhibits characteristics similar to the 
Analog I nput in that the input impedance is a function of the 
clock rate. This is illustrated in Table III. The minimum refer- 
ence impedance is equal to 10 12 /2.5 f C LK . where f CL K is the 
input clock rate. 



Table II I. Reference I nput Impedance 







Reference 


Input 


Output 


Input 


Clock Rate 


Sample 


Impedance 


(MHz) 


Rate (kHz) 


(kQ min) 


12.8 


100 


31.3 


6.4 


50 


62.5 


6.144 


48 


65.1 


5.6448 


44.1 


70.9 
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Figure 8. Single-Ended Input Circuit for Improved PSRR 

For optimal performance in single-ended input applications, the 
circuit in F igure 9 may be used to convert the input to a differ- 
ential signal. 



Figure 10. Simple Reference Voltage Circuit 

While the internal reference will be adequate for most applica- 
tions, power supply rejection and overall regulation may be 
improved through the use of an external reference. T he process 
of selecting an external voltage reference should include consid- 
eration of drive capability, initial error, noise, and drift charac- 
teristics. A suitable choice would be the AD 680 as shown in 
Figure 11. 
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Figure 11. External Voltage Reference Circuit 
MULTIPLEXING 

The AD 776 can also be used with an input multiplexer when 
the comb filter output is selected by setting FSEL =1. If f CLK 
= 12.8 MHz, the minimum multiplex intervals are (including 
the time to shift the data out from the serial interface): 

15 us (if the FSI and mux are perfectly synchronized) 
17.5 us (if the FSI and mux are not synchronized). 

CLOCK GENERATION 

With sigma-delta converters, it is critical that clock jitter be 
minimized in order to achieve optimal performance. Figure 12 
illustrates a simple circuit used to derive a clock source for the 
AD 776. An alternative would be to use an oscillator such as the 
CK1100 series from Cardinal Components (M ontclair, NJ) or 
the F 1100 from Fox Electronics. Compared with performance 
obtained with a typical crystal, use of an oscillator improves 
SN R by approximately 4 dB. 

6.144MHz 

TO AD776 
PIN 4 (CLKIN) 



68pF 



Figure 12. Basic Clock Circuit 
BOARD LAYOUT 

Designing with high resolution data converters requires careful 
attention to board layout. Trace impedance is a significant is- 
sue. A 1.22 mA current through a 0.5 £2 trace will develop a 
voltage drop of 0.6 mV, which is 20 LSBs at the 16 bit level for 
a 2 V full-scale span. I n addition to ground drops, inductive 
and capacitive coupling need to be considered, especially when 
high accuracy analog signals share the same board with digital 
signals. 

Analog and digital signals should not share a common return 
path. Each signal should have an appropriate analog or digital 
return routed close to it. U sing this approach, signal loops 
enclose a small area, minimizing the inductive coupling of 
noise. Wide PC tracks, large gauge wire, and ground planes are 
highly recommended to provide low impedance signal paths. 
Separate analog and digital ground planes are also desirable, 
with a single interconnection point at (or under) the part to 
minimize ground loops. T his is preferred to interconnecting the 
grounds at the supplies. 




Analog signals should be routed as far as possible from digital 
signals and should cross them, if at all, only at right angles. T he 
AD 776 may be treated as an analog component, with both 
AG N D and D G N D connected to a single analog ground plane. 
T his helps to isolate the AD 776 from large digital ground cur- 
rents. For these reasons, the use of wire wrap circuit construc- 
tion will not provide adequate performance; careful printed 
circuit board construction is preferred. 

POWER SUPPLIES AND DECOUPLING 

With high performance linear circuits, changes in the power 
supplies can produce undesired changes in the performance of 
the circuit. Optimally, well regulated power supplies with less 
than 1% ripple should be selected. T he ac output impedance of 
a power supply is a complex function of frequency, but in gen- 
eral will increase with frequency. H igh frequency switching such 
as that encountered with digital circuitry requires fast transient 
currents which most power supplies cannot adequately provide. 
T his results in voltage spikes on the supplies. T o compensate 
for the finite ac output impedance of the supplies, it is necessary 
to store "reserves" of charge in bypass capacitors. T hese capaci- 
tors can effectively lower the ac impedance presented to the 
AD 776 power inputs which in turn will significantly reduce the 
magnitude of the voltage spikes. D ecoupling capacitors, typi- 
cally 0.1 n-F, should be placed as close as possible to each power 
supply pin of the AD 776. It is essential that these capacitors be 
placed physically close to the AD 776 to minimize the induc- 
tance of the PC B trace between the capacitor and the supply 
pin. 

Additionally, it is beneficial to have large capacitors (>47 yJF) 
located at the point where the power connects to the PC B with 
10 (xF capacitors located in the vicinity of the AD C to further 
reduce low frequency ripple. 

T he AD 776 may be operated from a single +5 V supply. H ow- 
ever, performance is optimized by using separate analog (AV DD ) 
and digital (DV DD ) supplies. Separate supplies enable isolation 
of digital noise from the analog circuitry. When separate sup- 
plies are used, AV DD should be decoupled to analog ground 
(AG N D ) and D V DD should be decoupled to digital ground 
(DGN D) with decoupling capacitors. 

When a single +5 V supply is used, the circuit shown in Figure 
13 provides adequate decoupling. 
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Figure 13. Single Supply Decoupling 
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DIGITAL TIMING 

TheCLKIN frequency and the choice of output filter mode 
(FIR or Comb) determine the output sample rate of the AD 776. 
With FSEL LOW, the FIR filter output is selected and the out- 
put rate is equal to CLKIN divided by 128. When FSEL is 
HIGH, the Comb filter is selected and the output sample rate is 
equal to C L K I N divided by 32. T he input sample rate (or mod- 
ulator frequency) is always the C L K I N frequency divided by 2. 

T he flexible serial data output interface of the AD 776 may be 
configured in one of three modes. M ODE A and M OD E B are 
used when the FIR filter output is desired. M ODE C should be 
selected when output from the comb filter is used. Output data 
is always transmitted as 16-bit twos complement, M SB first, se- 
rial words. In all modes, the FSI pin may be asserted t o rese t the 
serial data output and synchronize internal circuits. A DOE pin 
is available to place the D OUT pin in a high impedance state. 

C onfiguring the appropriate timing mode is controlled by the 
FSEL and SF pins. The truth table is shown in Table IV. 



Table IV. Timing ModeTruth Table 



FSEL 


SF 


Output Mode 








A 





1 


B 


1 





C 



MODE A 

The timing diagrams for M OD E A are shown in Figures 14a 
and 14b. If M OD E A is selected, an internal multiplexer routes 
serial data from the output of the FIR filter to the D OUT pin. 
T he output sample rate is a function of the clock present at the 
CLKIN pin where: 

utput Sample Rate = C L K I N /128 

A continuous serial output clock, DOUT CLK, is available with 
the bit rate determined by: 

DOUT CLK = CLKIN/4. 

Serial data from the DOUT pin is valid on the falling edges of 
DOUT = CLK.A framing signal, FSO, occurs with a period 
equal to the output sample rate (Figure 14b). The FSO signal 
isHIGH during the falling edge of DOUT CLK prior to the 
beginning of a new output data word. 
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FSI 
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~tcLK 
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DOUT CLK 
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Figure 14a. Mode A Timing 
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Figure 14b. Mode A Timing 
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MODE B 

The timing diagrams for M OD E B are shown in Figures 15a 
and 15b. If M ode B is selected, the internal multiplexer routes 
serial data from the output of the FIR filter to the D OUT pin 
similar to M ODE A. The output sample rate is a function of the 
clock present at the C L K I N pin where: 

Output SampleRate= CLKIN/128. 

A continuous serial output clock, DOUT CLK, is available with 



the bit rate determined by: 

DOUT CLK 



CLKIN/4. 



N ote that serial data present at the D U T pin is valid on the 
rising edges of DOUT CLK. The framing signal, FSO, occurs 
with a period equal to the output sample rate. In M ODE B, the 
FSO signal goes LOW at the beginning of the output data word 
and remains LOW until the entire word is transmitted. 
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FSI 



JVyMlIMWMIMUUUMmJlAIlJinAJUlJUl/l 



DOUT CLK 
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Figure 15a. Mode B Timing 
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MODE C 

The timing diagrams for M OD E C are shown in Figure 16. If 
M ode C is selected, the internal multiplexer routes serial data 
from the output of the COM B filter to the DOUT pin, bypass- 
ing the F I R filter. T he output sample rate is a function of the 
clock present at the C L K I N pin where: 

Output Sample Rate = CLKIN/32. 

A continuous serial output clock, DOUT CLK, is available 



Figure 15b. Mode B Timing 

with the bit rate determined by: 

DOUT CLK = CLKIN/2. 



Serial output data is valid on the falling edges of DOUT CLK. 
T he framing signal, FSO, occurs with a period equal to the out- 
put sample rate. T he FSO signal is H IGH during the falling 
edge of D U T CLK prior to transmission of the next output 
data word. N ote that in M OD E C, this is also when the LSB, 
(DO), of the previous data word is valid. 
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FSI Operation 

A frame sync input is available to the user on the FSI pin to 
reset the serial data output and synchronize internal circuits. 

Referring to Figure 17, the FSI pin issampled on the falling 
edge of C L K I N . T he F SI pin must adhere to several conditions 
depending on which mode is being used as follows: 

FSI in MODE A, MODE B 

1. FSI should be a periodic signal occurring every 32 DOUT 
CLK periods. 

2. FSI must be deasserted for at least 2 CLKIN periods prior 
to being asserted. 

3. FSI must be synchronized to CLKIN to meet the timing re- 
quirements outlined in Figure 17. 

FSI in MODE C 

1. FSI should be a periodic signal occurring every 16 DOUT 
CLK periods. 

2. FSI must be deasserted for at least 2 CLKIN periods prior 
to being asserted. 

3. FSI must be synchronized to CLKIN to meet the timing re- 
quirements outlined in Figure 17. 



CLKIN 




DOUT CLK 



Figure 17. Frame Sync Input (FSI) Timing (FIR Filter Out- 
put Mode) 

Synchronizing Two C hannels 

The FSI pin is useful when multiple AD 776s are used together 
and must be synchronized. I n such a case, a single pulse may be 
applied to F SI inputs of the converters. T his causes the internal 
"state- machine" of the AD 776 to be reset. T hus, the internal 
clocking for both the analog and digital circuitry of each individual 
converter is synchronized and inphase. I n the case of a single F SI 
pulse, it must still adhere to the timing outlined in F igure 17. 



Three- Stating the DOUT Pin (DOE) 

In all modes DO UT m ay be three-stated using the DOE pin. 
Opera tion of the DOE input is shown in Figure 18. When the 
DOE input is H IG H , ser ial data will be present and active at the 
DOUT pin. When DOE is broug ht L W , the D U T pin is 
placed in a high-impedance state. DOE is completely asynchro- 
nous and independent of input and output clocks. DOUT load- 
ing will affect actual performance. 
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Figure 18. Data Output Timing 
INTERFACING THE AD776 

The AD 776 is designed for ease of interface with a variety of 
popular processors. T he following diagrams illustrate typical 
configurations: 
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Figure 19. 





OUTLINE DIMENSIONS 

Dimensions shown in inches and (mm). 
20-Pin Cerdip(Q-20) 



PIN 1 

V 



20 


11 


.« 1 


10 



0.310(7.87) 




0.014 (0.36) 



-12- 



REV. A 



